INTRODUCTION
============

With urbanization and exposure to the Western world, Indian consumers today are increasingly becoming conscious of their lifestyle, including food and beverage choices, prompting a shift from colas to healthier options such as juices and milk-based flavored beverages. Fruit juices are slowly becoming an indispensable part of breakfast, social gatherings, picnics, etc., owing to their easy availability, anytime--anywhere consumption, easy-to-carry consumption packs, and convenience. Changing lifestyles, increased health awareness, hygiene concerns, rising disposable incomes, booming modern retail, habitual purchase, and introduction of new flavors are the few reasons behind the growth of the Indian packaged-juice industry.^[@B1]^ The role of diet in the etiology of dental erosion has received the most attention in recent years. Dietary acids are undoubtedly the principle causative factor for extrinsic tooth erosion.^[@B2]^ The erosive effect of fruit juices has been recognized for a long time, as evident in the studies of Darby^[@B3]^ and Miller,^[@B4]^ who reported tooth decalcification due to excessive fruit juice consumption. There have been several reports that have raised a concern about an increased prevalence of dental erosion and tooth wear in children, which is mainly related to the marked increase in the consumption of acidic fruit juices, fruit drinks, and carbonated beverages.^[@B5]^

Certain lifestyle and behavioral factors should be considered in the etiology of dental erosion such as unusual eating, drinking, and swallowing habits, which increase the direct contact time of acidic foods and beverages with the teeth, increasing the risk of dental erosion.^[@B6]^ There is a strong evidence to suggest that the manner in which the acid food or drink is consumed is more important than the overall quantity. Holding, swirling, or retaining acidic drinks and foods in the mouth prolongs the acid exposure on the teeth, increasing the risk of erosion.^[@B7]^ Hence the present study has been carried out to assess the acidogenic potential of commonly consumed commercially available fruit juices at various time intervals.

MATERIALS AND METHODS
=====================

Consent was obtained from the Ethical Committee and the guardians before conducting the study. An estimated 30 volunteers (age: 10--12 years) of either sex were randomly selected. The volunteers were selected on the following criteria: DMFT and deft \<3, simplified oral hygiene index; \<1.2, no relevant past medical history, and no history of any medication or antibiotic therapy 2 months prior to the study. The volunteers were verbally explained about the procedure and randomly divided into three groups with 10 subjects in each group:

-   Group I: 10 children consuming pineapple juice

-   Group II: 10 children consuming orange juice

-   Group III: 10 children consuming grape juice.

The study was conducted around 9 AM for 4 consecutive days. On the 1st day, a thorough oral prophylaxis was done, and the volunteers were requested to refrain from brushing their teeth or from using any oral hygiene aid for the next 24 hours, and also from eating food or drink for at least 8 hours prior to the procedure.^[@B8]^ The volunteers were divided into 3 groups of 10 subjects each and for the next 4 consecutive days salivary and plaque pH was measured at various intervals after exposing them to the commercially available pineapple, orange, and grape juices kept at room temperature, refrigeration temperature, and freezing temperature, respectively.

Day 1: thorough oral prophylaxis was done and for 24 hours no oral hygiene measures were taken.

Day 2: baseline plaque pH and salivary pH were measured using a micro pH electrode (Me-5114 Broadly James Custom Electrodes CA, USA). A total of 100 mL of fruit juice kept at room temperature was consumed (approximately 1 minute). Plaque and salivary pH were measured after 1, 5, 15, and 30 minutes of consumption of fruit juice (Tropicana fruit juice). Routine oral hygiene measures resumed.

Day 3: the same procedure was undertaken after the consumption of 100 mL of fruit juice kept in a refrigerator for 4 hours.

Day 4: the same procedure was repeated after the consumption of ice candies prepared from the fruit juices (approx. 5 minutes for consumption).

The obtained data were subjected to statistical analysis, where SPSS software was used to assess the pH level at different time intervals and expressed as mean ± SD. Changes in pH were assessed by Student\'s unpaired "*t*" test for the comparisons of interest followed by a multivariate analysis (MANOVA).

RESULTS
=======

The data obtained in this study were analyzed and the pH values were estimated in relation to 100% of the baseline pH. Among the three fruit juices compared, grape juice was found to be more acidic with a pH of 2.22--2.81 compared to the pH of orange juice (2.48--3.06) and pineapple juice (2.51--3.91). The frozen fruit juice demonstrated the lowest pH, followed by the refrigerated juice and lastly the juices that were kept at room temperature ([Table 1](#T1){ref-type="table"}). There was a fall in plaque and salivary pH within 5 minutes of consumption of these fruit juices. The fall in pH was maximum with the consumption of grape juice (which was statistically significant) followed by orange and pineapple juice, respectively ([Tables 2](#T2){ref-type="table"} and [3](#T3){ref-type="table"}). The consumption of ice candy caused a greater fall in plaque and salivary pH ([Fig. 1](#F1){ref-type="fig"}) followed by the refrigerated juice ([Fig. 2](#F2){ref-type="fig"}) and the juices that were kept at room temperature, respectively ([Fig. 3](#F3){ref-type="fig"}). The multivariate analysis of various commercially available fruit juices (grapes, orange, and pineapple) for comparing the plaque and salivary pH variation, at different time intervals showed significant (*p* \< 0.05) plaque and salivary pH variation at 1 and 5 minutes of consumption of these commercially available juices that were kept at various temperatures. There was no significant variation observed at 15 and 30 minutes after the consumption of the earlier-mentioned fruit juices (*p* \> 0.05) ([Tables 2](#T2){ref-type="table"} and [3](#T3){ref-type="table"}).

###### 

Recorded pH values of the commercially available fruit juices

  *Juice*        *Temperature*   *pH of commercially available fruit juice*
  -------------- --------------- --------------------------------------------
  Grapes         Room temp.      2.81
  Refrigerator   2.62            
  Freezer        2.22            
  Orange         Room temp.      3.06
  Refrigerator   2.77            
  Freezer        2.48            
  Pineapple      Room temp.      3.91
  Refrigerator   2.89            
  Freezer        2.51            

DISCUSSION
==========

Consumption of fruits or fruit juices for breakfast is most commonly practiced in our day-to-day life by children and youth. But as the pH of few fruits is acidic in nature, the acidity of these fruit juices and the demineralization of tooth are directly proportional. An association between the ingestion of acidic drinks and erosion has been recognized.^[@B9]^ Though occasional consumption of the fruit juices will have a negligible effect on teeth enamel, but repeated consumption of these fruit juices can cause acid dissolution of enamel as most of these commercially available fruit juices have pH below the critical level. So the present study was intended to evaluate the endogenous pH of the various commercially available fruit juices and the plaque and salivary pH variation at various intervals before and after the consumption of these fruit juices that were kept at different temperatures. The pH of all the test drinks ranged between 2.22 and 3.91, which were far below the critical pH. This correlates with the pH values demonstrated by various authors who suggested that fruit-based drinks and fruit juices usually have a pH range of 3.0--4.0, which causes increased solubility of the tooth enamel,^[@B10],[@B11]^ Though the commercial fruit juices in our study was derived from pure, natural products and had no added sugars, colorants, or preservatives, they demonstrated an increased acidity. The acidogenic capacity of the fruit juices cannot be directly related to its pH because other factors such as different organic acids (e.g., grapes contain maleic and tartaric acid, orange and pineapple contains citric acid), the titrable acidity, phosphate content, and the other weak acids with strong buffering system in the fruit juices may also contribute to its erosive potential.^[@B12]^ Moreover, during the processing of these fruit juices, more number of fruits would have been added to make it concentrated so as to maintain its natural taste and to improve the flavor. Among the 3 fruit juices compared, grape juice demonstrated a lower pH value followed by the orange and pineapple juice. A greater fall in the plaque and salivary pH was recorded after the consumption of grape juice followed by the orange and pineapple juice, respectively. Similar results were obtained in rat studies, where it was found that canned apple and grape juice were more destructive than pineapple or orange juice.^[@B13]^ In another animal study conducted, it was found that grape fruit juice caused more demineralization than plums, mangoes, and pineapple juice. It was also reported that fruit juices were 10 times more destructive than the whole fruit.^[@B14]^ Grobler et al.^[@B15]^ reported that the degree of enamel erosion initiated by the commercial fruit juices is about 5--8 times higher than that of freshly minced fruit juices. Maximum fall in plaque and salivary pH was recorded in most of the subjects below the critical pH level (5.5 ± 0.3) within 5 minutes of consumption of these juices, followed by a gradual recovery to the near normal values within 30 minutes of the study. The probable reason for the immediate drop in plaque and salivary pH after the consumption of the various fruit juices kept at varying temperatures in our study could be attributed to the intrinsic acidity of fruit juices, which rendered it more ability to combat the salivary buffers. When the pH of the solution is less than the critical pH, the solution is unsaturated, and the mineral from tooth enamel will tend to dissolve until the solution becomes saturated^[@B16]^ and the critical pH is a pH at which a solution is just saturated with the tooth enamel. However, it is not only the pH value but also the calcium, phosphate, and fluoride contents of a drink or foodstuff that are important factors in determining the degree of saturation with respect to tooth minerals, which is the driving force for enamel dissolution.^[@B17]^ The resting plaque pH usually ranges between 6 and 7. When a low pH drink is consumed, it causes a fall in this resting plaque pH. The length of time for which this low pH remains at its minimum is important, since if it reaches the so-called critical pH value, then it initiates dissolution of the enamel. As the pH is lowered, the concentration of ions needed for saturation rises, and in the pH range of around 5.6 the tissues (tooth) will start to dissolve to maintain the saturation. The lower is the pH, faster is the demineralization.^[@B18]^

###### 

Multivariate analysis to compare the plaque pH variation (measured as a mean percentage reduction) in different commercially available fruit juices at different temperatures

  *Fruit juices*   *Time*                 *Room temperature*   *Refrigerator*   *Candy*   *F*     *p*
  ---------------- ------------ --------- -------------------- ---------------- --------- ------- -----------------------------------------
  Grapes           1 minute     Mean        7.309                9.33           10.518    5.557   0.023^[a](#TF2-1){ref-type="table-fn"}^
  SD                 0.756        0.985     0.703                                                 
  Orange           Mean           7.241     8.561                8.605                            
  SD                 0.743        0.692     0.688                                                 
  Pineapple        Mean           6.813     7.952                8.208                            
  SD                 0.953        0.647     0.78                                                  
  Grapes           5 minutes    Mean      18.482               19.602           19.729    5.352   0.029^[a](#TF2-1){ref-type="table-fn"}^
  SD                 1.139        1.051     1.126                                                 
  Orange           Mean         18.119    18.693               19.544                             
  SD                 1.212        0.858     1.117                                                 
  Pineapple        Mean         17.146    17.231               19.176                             
  SD                 0.684        0.891     0.994                                                 
  Grapes           15 minutes   Mean        9.911              13.232           13.267    0.804   0.451^[b](#TF2-2){ref-type="table-fn"}^
  SD                 3.53         2.037     2.82                                                  
  Orange           Mean           9.007   11.522               12.902                             
  SD                 2.106        1.243     2.801                                                 
  Pineapple        Mean           9.006   11.132               12.087                             
  SD                 1.133        2.557     1.684                                                 
  Grapes           30 minutes   Mean        5.573                7.258            7.63    4.552   0.033^[a](#TF2-1){ref-type="table-fn"}^
  SD                 3.803        2.241     2.049                                                 
  Orange           Mean           3.68      5.241                5.475                            
  SD                 1.159        1.819     2.174                                                 
  Pineapple        Mean           3.472     4.069                5.083                            
  SD                 1.686        1.867     2.131                                                 

*p*, probability

^a^*p* ≤ 0.05---significant

^b^*p* ≥ 0.05---not significant

On analyzing our data, it was found that a maximum fall in plaque and salivary pH occurred after the consumption of frozen fruit juice followed by the refrigerated and room-temperature juices. This also correlates with the findings of various other authors who stated that the consumption of frozen fruit juices can be more deleterious than the unfrozen form.^[@B19],[@B20]^ The greater pH fall after consumption of the frozen fruit juice can also be attributed to a prolonged period of consumption of these fruit juices (approximately 5 minutes), which could expose the teeth to dangerously low levels of pH as the acid and sugar is held for a prolonged period in contact with the teeth.^[@B21]^ The acidity increases as freezing changes the physical state of the residual juice as the solute concentrate (Touyz and Silove).^[@B22]^ Acidity reaches a plateau after which it doesn\'t increase further but rather augments an ability to sustain levels of hydrogen ion activity, i.e., increased buffering capacity. The ingestion of the frozen fruit juice can be considered as highly destructive to teeth as it requires more than usual volume of alkaline salivary buffering actions to raise and normalize the oral environmental pH (Touyz and Silove).^[@B22]^ Thus these findings suggests that the consumption of these frozen fruit juices may cause potential demineralization of tooth structure on prolonged exposure. Though the amount of a fruit juices normally consumed by children may be insignificant, the presence of immature enamel, inadequate neuromuscular coordination, and inability to clear the retentive substrate, along with the deleterious methods of consumption, make them susceptible to dental erosion.^[@B23]^ Theoretically, the erosive potential of a fruit juices may be dependent upon various variables such as the immediate effect of the drink, time taken for its clearance on the tooth, the method of drinking, protective effect of saliva, the amount of residual drink after swallowing, the actual amount of fruit juices consumed, and the frequency of consumption. A single exposure to the acidic attack is of minor importance but frequent consumption of these fruit juices decreases the ability of saliva to deal with the acid attack. It was reported that the solubility of dental tissues increases by a factor of 7--8, with each decrease of pH by 1 unit, thereby significantly increasing the potential risk for demineralization.^[@B24]^ Hence, the main concern is about the frequent use of acidic fruit juices over time. If the challenge is frequent enough and there are few or no protective factors, this may be aggressive as in caries-susceptible people.

###### 

Multivariate analysis to compare the salivary pH variation (measured as a mean percentage reduction) in different commercially available fruit juices at different temperatures

  *Fruit juices*   *Time*                 *Room temperature*   *Refrigerator*   *Candy*   *F*     *p*
  ---------------- ------------ --------- -------------------- ---------------- --------- ------- -----------------------------------------
  Grapes           1 minute     Mean        7.412                9.324          10.751    6.659   0.002^[b](#TF3-2){ref-type="table-fn"}^
  SD                 0.453        0.775     0.704                                                 
  Orange           Mean           7.305     8.912                9.008                            
  SD                 0.743        0.692     0.688                                                 
  Pineapple        Mean           5.563     7.851                8.095                            
  SD                 0.923        0.647     0.78                                                  
  Grapes           5 minutes    Mean      18.482               19.602           19.729    3.352   0.046^[a](#TF3-1){ref-type="table-fn"}^
  SD               1.1139         1.051     1.126                                                 
  Orange           Mean         18.119    18.693               19.544                             
  SD                 1.212        0.858     1.117                                                 
  Pineapple        Mean         17.146    17.231               19.176                             
  SD                 0.684        0.891     0.994                                                 
  Grapes           15 minutes   Mean        9.911              13.232           13.267    3.739   0.041^[a](#TF3-1){ref-type="table-fn"}^
  SD                 3.53         2.037     2.82                                                  
  Orange           Mean           9.007   11.522               12.902                             
  SD                 2.106        1.243     2.801                                                 
  Pineapple        Mean           9.006   11.132               12.087                             
  SD                 1.133        2.557     1.684                                                 
  Grapes           30 minutes   Mean        5.573                7.258            7.63    1.712   0.187^[c](#TF3-3){ref-type="table-fn"}^
  SD                 3.803        2.241     2.049                                                 
  Orange           Mean           3.68      5.241                5.475                            
  SD                 1.159        1.819     2.174                                                 
  Pineapple        Mean           3.472     4.069                5.083                            
  SD                 1.686        1.867     2.131                                                 

*p*, probability

^a^*p* ≤ 0.05---significant

^b^*p* ≤ 0.01---highly significant

^c^*p* ≥ 0.05---not significant

![Comparison of salivary (A) and plaque (B) pH variation before and after consumption of ice candies made of different fruit juices](ijcpd-12-312-g001){#F1}

![Comparison of salivary (A) and plaque (B) pH variation before and after consumption of different fruit juices kept in refrigerator](ijcpd-12-312-g002){#F2}

![Comparison of salivary (A) and plaque (B) pH variation before and after consumption of different fruit juices kept at room temperature](ijcpd-12-312-g003){#F3}

SUMMARY AND CONCLUSION
======================

The modern fast-track lifestyle has led to an increased consumption of readily available fruit juices. Fruit juice consumption has been popularized as a healthy alternative to other beverages^[@B25]^ and this had led to many parents feeding their children with commercially available fruit juices. Children and parents are unaware of the harmful effects of citric acid, malic acid, and tartaric acid on the teeth. Since children are frequently involved in the consumption of these juices and their frozen products, the healthcare providers should take cognizance of this new trend of consuming frozen fruit juices and caution against or strongly discourage this form of consumption as a frequent habit. With increased awareness by dentist and parent, the problem of fruit-juice-induced dental pathology may be reduced.

CLINICAL SIGNIFICANCE
=====================

The growing trend of fitness and keeping oneself healthy has led to a shift in parental preference toward non-carbonated fruit beverages. Though many presume that the readily available fruit juices are healthy, frequent consumption of these fruit juices causes acid dissolution of enamel, as most of these juices have a pH below the critical level. Hence the present study was conducted to evaluate the erosive potential of the various commercial fruit juices. As with the increased awareness by both the dentists and the parents, the problem of fruit-juice-induced tooth loss may be reduced.
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